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Earlier, we reported the photo-induced Curtius rearrangement of carbamoyl asides in protic 

solvents 
1 , and isolation of the products derived from the nucleophilic attack of the solvents 

on the isocyanate carbonyl of the hypothetical, transient RR'N-N=C=O. We now report that the 

phoeolysis of dialkylcarbamoyl asides in aprotic solvents gives transient R2N-AX* in high 

yields *. The aminoisocyanates add to heterocumulenes (including R2N-N=C=O) to give 1:l adducts 

(including dimers). The adducts with isocyanates, R'-NX=O, are 1,1,4-triazolidin-3,5-dion-1,2- 

394 3 
ylides , as reported first in the independent work of Wadsworth and Ermnons . Their and our 
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Mp : a = 112-5'(dec.) 

b = 81-3' 

c = 131-3O 

structure proofs involved (besides elemental analyses, nmr, IR, and mass spectra) the formation 

of stable hydrochlorides with dry HCl, hydrolysis to give R2N-NH-CO-NHR' and methanolysis to 

give R2N-NH-CO-NR'-COOMe (both by nucleophilic attack on the c=O in position 5), and migration 

of one of the groups on the amnonium nitrogen to the adjacent N , to give the urazoles IV. In 

Wadsworth and Enmwns' work 
3 
, R is Me and R' is -NMe2, n-butyl, and t-octyl, so that direct com- 

parison of the products was not possible. The isocyanate adduces show two carbonyl stretching 
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frequencies (e.g. 111~ at 1820 and 1718 cm-'). Catalytic hydrogenation cleaves the ;t bond 

to give R2N-CO-NR'-CO-NH2 (yields : IIIa 70%; IIIb 98%). Pyrolysis of dry III (R = Et) gave 

ethylene and the 1,4-disubstituted urazoles V (yields : IIIa 91%; IIIb 61%). In solution at SO', 

in the presence of acid, IIIb and 111~ are slowly converted to mixtures of the urazoles IV and 

VI. Presumably, the acid protonates the N-, removing the inductive stabilization of the R,N+ 

function and rendering it an alkylating agent which then alkylates III on the N- or the oxygen 

in conjugation with it. We are studying the mechanism of this process. The structures of the 

hydrogenation, pyrolysis, and rearrangement productswere proved by elemental analyses, nmr, IR, 

and mass spectra, and by independent synthesis of the hydrogenation products and the urazoles 

IVb, Vb, and VIb. 

H2C==CH* 

+ 

Va; Vb IIIa; IIIb IIIb; 111~ IVb; IVc VIb; VIc 

The formation of III from an aminoisocyanate and an alkyl isocyanate might be understood 

in terms of a mechanism involving the attack of the R2N - nitrogen, acting as a nucleophile, 

on the sp - carbon of the isocyanate, and the attack of the N- so created in the alkyl isocya- 

nate moiety on the sp - carbon of the aminoisocyanate 
394 . However, this mechanism cannot be 

general (if it operates at all), because the addition of R2N-N=C=C to carbodiimides gives two 

adducts (in almost quantitative total yield). One of these, VII, is analogous in structure to 

III, but the other (VIII), formed in substantial yield, contains a bond between the R2N - ni- 

trogen of R2N-N=C=C and one of the nitrogens (rather than the sp - carbon) of the carbodiimide 

Nucleophilic attack on a carbodiimide N, putting the negative charge on the sp - carbon, would 

be mDst peculiar. We prefer an alternative mechanism in which the aminoisocyanate acts like an 

ally1 anion in a 1,3-dipolar addition. Huisgen 
5 
has pointed out that the relative orientation 
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of the reaction partners in such additions is not governed by the "1,3-dipole" having a negati- 

ve and a positive end - addition in two orientations is possible. Photolysis of dialkylcarb- 

amoyl azides in diethyl- and diisopropylcarbodiimides (using light of maximum intensity at 300 

nm) gave almost quantitatively mixtures of VII and VIII : 

R'-N=C=N-R' 

+ R'N\C/=J 

$1 h, 

d : R =Me; R' = Et. 

e : R =Me; R' = iPr. 

f : R=Et; R' = Et. 

VII VIII 

VII/VIII 

d: mp loo-Z0 3 : 1 oil 

e: mp 141-3' 3 : 2 mp 163-51~ 

f: mp a&q0 not observed 

The structures of VII and VIII were determined byelementalanalyses, nmr, IR, and mass spectra, 

and by degradation. In the mass spectrometer, VII readily eliminates R'-NX=C, while VIII does 

-1 
not. The IR spectrum of VIIe shows a C=N absorption at 1743 cm , while VIIIe shows only carbo- 

nyl absorption plus C=N absorption around 1662 cm 
-1 

. The nmr signal of the Me2 t methyls of VIIe 

is at 6 3.13, due to deshielding by the C=N double bond, while in VIIIe the corresponding sig- 

nal appears at 6 2.84. Acid hydrolysis of VIIe afforded diisopropyl urea and 4-isopropyl-l,l- 

dimethylsemicarbaside, identified by comparison with authentic samples. The formation of two 

further hydrolysis products, l,l-dimethylhydrazine and isopropylamine, was inferred from compa- 

ring the mar spectrum of a hydrolysis run in HC1/D20 with that of a HC1/D20 solution of equimo- 

lar quantities of the four hydrolysis products mentioned. The spectra were essentially identi- 

cal, and we formulate the hydrolysis as : 

H H 
Me2N+?H2 + iPrN-CO-N-iPr 

iPr 

i- Me2N-N-CO-N-IPr + iPr-NH2 
H H 

VIIe 
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The aminoisocyanate dimer IIIa is stable in refluxing (neutral) methanol (5% hours reaction 

time), and its irradiation for 6 hours with 254 nm light in cyclohexene causes only little de- 

composition. Irradiation for 6 hours in methanol, however, gives a 83% yield of the methanol 

adduct of the aminoisocyanate - the dimer reverts to the monomer, which can be trapped by me- 

thanol, but returnstothe dimer in inert solvents. 

,,,.i” I 
OX\ /"" 

& 2 [Et2N-N=C*] 
MeOH 

5 2 Et2N-NH-CO-0CH3 (83% yield) 

Igt 
2 

IIIa 

Similarly, the adduct IIIb gives a 75% yield of Et2N-NH-CO-0CH3 upon irradiation in methanol. 

Wadsworth and Eremns 
3 

have reported thermal reversion to isocyanates of their III (R' = t-Ott), 

but not of their compounds III (such as R ’ = nE3u) which are uncrowded at N-4. 
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